Background: Long-term survival after resection of metastases from pancreatic ductal adenocarcinoma is rare.
Background
Surgical resection for metastases or recurrences of pancreatic ductal adenocarcinoma (PDAC) is not widely accepted because of frequent relapses with unlimited and aggressive growth. Systemic chemotherapy is commonly used for metastases or recurrences of PDAC. Recently, single cases and small series of surgical resection for oligometastasis from PDAC have been reported [1] [2] [3] [4] . A case of long-term survival after three pulmonary metastasectomies for oligometastasis of PDAC is reported.
Case presentation
A 54-year-old man underwent pancreaticoduodenectomy (PD) for PDAC in our hospital in April 2004. Histopathological examination confirmed well-differentiated adenocarcinoma with UICC staging T3 (CH+, DU+, S+, RP+, PV−, A−, PL−, OO−) N1M0 stage IIB (UICC 7th edition). The diameter of the main pancreatic tumor was 40 mm in size. Number 13a lymph node was positive for metastasis. Resection margins of surgical specimen was all negative for caner (R0 resection). After surgical resection, adjuvant chemotherapy with gemcitabine (GEM) was performed until January 2006. Follow-up computed tomography (CT) and blood examination were performed every 6 months after primary resection. During the follow-up, serum carcinoembryonic antigen (CEA) level and carbohydrate antigen (CA) 19-9 level were within normal range [1.9-4.1 ng/mL (normal range, > 5. 0) and 8.0-24.2 U/mL (normal range, > 37), respectively]. In April 2007, follow-up CT showed two tiny nodules at the lower lobe of the left lung and the lower lobe of the right lung (Fig. 1a) . The serum CEA level and CA19-9 level were within normal range. However, there were no symptoms and evidence of inflammatory changes in the laboratory data during the follow-up [WBC 6500-7700/μL (normal 3300-8600) and CRP 0. 1-1.7 mg/dL (normal 0-0.14)], it was difficult to differentiate these tiny nodules from inflammatory change to metastatic nodules. During the follow-up, the nodule in the lower lobe of the left lung gradually enlarged to a 2-cm nodule with spiculation in September 2008 (Fig. 1b) . There was no change in the tiny nodule of the lower lobe of the right lung.
Percutaneous lung biopsy showed atypical cells in granulation tissue. Differentiation between a primary and metastatic tumor was difficult on preoperative imaging studies and the percutaneous lung biopsy specimen. Furthermore, no other tumors were found on imaging examinations. Therefore, wedge resection of the left lower lobe of the lung was performed in October 2008.
Histopathological examination showed that the tumor was composed of columnar cancer cells with papillotubular proliferation. These findings were similar to those of the primary pancreatic cancer and indicated a pulmonary metastasis (PM) from PDAC. After surgery, adjuvant chemotherapy with GEM was completed for 6 months. Follow-up CT and blood examination were performed every 3 months after pulmonary metastasectomy. However, the nodule in the lower lobe of the right lung, which was detected in April 2007, gradually enlarged from March 2010, about 1 year and 10 months later from the completion of adjuvant chemotherapy (Fig. 2a,b,) . During follow-up, no other tumors appeared, and wedge resection of the lower lobe of the right lung was performed in September 2010. Histopathological examination also confirmed PM from PDAC. In November 2011, a new, enlarging, solitary nodule was found in the left upper lobe of the left lung (Fig. 3) . No other metastatic tumors were observed on imaging studies including fluorodeoxyglucose-positron emission tomography (FDG-PET). Thus, pulmonary metastasectomy was performed for the third time in September 2012. Histopathological examination also confirmed PM from PDAC. Eventually, adjuvant chemotherapy with GEM was performed from December 2008 (after the initial pulmonary metastasectomy) to May 2013 (8 months after the last pulmonary metastasectomy). Adjuvant chemotherapy with GEM was completed for 6 months again. The patient has been asymptomatic without tumor recurrence or elevated Fig. 1 Imaging studies of the first pulmonary metastasis. Chest CT (53 months after curative resection of the primary pancreatic tumor) shows a tiny nodule at the lower lobe of the left lung (a). Follow-up CT (70 months after curative resection of the primary pancreatic tumor) shows that this nodule has enlarged to 2 cm in size with spiculation (b). It is difficult to determine whether this nodule is a primary or metastatic tumor on imaging Fig. 2 Imaging studies of the second pulmonary metastasis. Chest CT (at the same time when another nodule was found in the lower lobe of the left lung) shows a tiny nodule in the lower lobe of the right lung. It is difficult to determine whether this nodule is a metastatic tumor or an inflammatory nodule. a Follow-up chest CT (94 months after curative resection of the primary pancreatic tumor) shows that this nodule has increased gradually. b It is diagnosed as a pulmonary metastasis from PDAC tumor markers for 4 years since the last pulmonary metastasectomy.
Discussion
This was a rare case that underwent pulmonary metastasectomy for recurrence of PDAC three times and achieved long-term relapse-free survival. Surgical resection of metastatic tumors or recurrent tumors of PDAC has not become an established therapy because of frequent relapses with unlimited growth and rapid progression. Recently, a few cases that showed the effectiveness of metastasectomy for oligometastasis of PDAC have been reported [1] [2] [3] [4] .
Isolated pulmonary metastases as the first site of recurrence after PDAC resection represent a rare subgroup. Previous studies reported that the rates of an isolated lung recurrence were 3 and 22% among the first site of tumor recurrences resected after PDAC resection [4] [5] [6] [7] [8] [9] . Recently, it has been reported that patients with pulmonary metastasis after PDAC resection have a better prognosis than patients with another site of metastasis [7, [9] [10] [11] (Fig. 4) . A pattern of lung metastasis as the first recurrence may be a favorable prognostic factor in patients with relapsed PDAC; however, the mechanism remained unclear. Zheng et al. reported that patients with lung metastasis as the primary recurrence had Fig. 3 Imaging studies of the third pulmonary metastasis. Follow-up chest CT (98 months after curative resection of the primary pancreatic tumor) shows a newly appearing nodule in the upper lobe of the left lung (a). Chest CT (108 months after curative resection of the primary pancreatic tumor) shows that this nodule has increased (b) and appears to be a pulmonary metastasis from PDAC lower pT category and less vascular invasion than patients with other metastases; it may relate to the prognosis [11] .
In our case, peripancreatic infiltration was found but vascular invasion was not found.
Pulmonary metastasectomy has evolved for other cancers with synchronous or metachronous metastatic disease, such as colorectal adenocarcinoma, with a demonstrated survival benefit [12] [13] [14] [15] . In PDAC, Arnaoutakis et al. reported that, in patients with isolated PM from PDAC, median cumulative survival was significantly improved in the pulmonary metastasectomy group compared with the chemotherapy group (51 vs 23 months); they considered that a relatively long interval between the initial PDAC resection and tumor relapse, with isolated and stable disease over time, and a favorable response to systemic chemotherapy indicated "good biology" [4] . Thomas et al. reported a survival benefit in patients who had disease-free survival prior to recurrence > 20 months, and the greatest benefit was seen in patients with isolated pulmonary metastases [16] . The previously reported small series showed that the median interval between the initial resection and pulmonary metastasectomy was 29.3-48 months and the overall survival after pulmonary metastasectomy was 18. 6-38 months respectively [4, 17, 18] . However, to the best of our knowledge, no cases in which pulmonary metastasectomy was performed three times have been reported in the English literature.
In this case, adjuvant chemotherapy using GEM was performed after PM according to the primary resection. The benefit of adjuvant chemotherapy cannot be determined in this case because of the re-recurrence of lung metastases after chemotherapy, with no other recurrence being found. In PDAC, the treatment strategy for oligometastasis has not been established. A few cases of longterm survival after pulmonary metastasectomy for oligometastasis of PDAC have been reported. It is controversial whether or not performing repeat metastasectomy from PDAC is of oncological benefit. As in this case, repeat metastasectomy may achieve long-term survival after primary resection of the PDAC; the present case is considered to have relatively "good biology" and be a potentially good candidate for metastasectomy of recurrence. Studies of more such cases are needed to address this issue.
Conclusions
In PDAC, the treatment strategy for oligometastasis is controversial. However, a few cases of long-term survival after pulmonary metastasectomy for oligometastasis of PDAC have been reported. Metastasectomy may achieved long-term survival after primary resection of the PDAC Studies of more such cases are needed to address this issue. 
